FGF23 is elevated in multiple myeloma and increases heparanase
expression by tumor cells

Supplementary Material

The MM cell lines were obtained over ten years ago, at which time they were authenticated by karyotyping at
the ATCC. Upon receipt, the cell lines were expanded and stored as primary stocks in liquid N,. Cells from
primary stocks were grown for no longer than 6 months with semi-monthly testing for mycoplasma. Subclones
(such as luciferase-secreting stable transductants) were similarly stored as primary stocks and grown for no
longer than 6 months. Human klotho was expressed from cDNAs subcloned into pcDNA3.1/V5/His-TOPO
(Invitrogen) to generate fusion proteins with C-terminal epitope extensions. Expression plasmids encoding
membrane (1012 amino acid, Genbank AB005142) and soluble (549 amino acid, Genbank AB009667) isoforms
were provided by Dr HE Dietz, Johns Hopkins University. A variant lacking the C-terminal transmembrane
domain (980 amino acids + C-terminal extension) was generated by mutagenesis in vitro. A QuickChange site-
directed mutagenesis kit was used according to manufacturer’s instructions (Stratagene).

Species-specific PCR_primers were designed with online Primer 3 tool (http://bioinfo.ut.ee/primer3/) and

tested for species-specificity with the NCBI primer design tool (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/) by Blast searching against the targeted sequence and versus both Mus musculus and Homo sapiens
sequence databases to eliminate cross-species and erroneous amplifications, and allowing amplification of
transcript variants. The templates used for primer design were Genbank RefSeq files for the designated genes.
The NCBI primer design tools proved unsatisfactory for the initial design of primers suitable for species-specific
amplification. Primers were then separately tested using real-time PCR with cDNAs from mouse calvariae and
human tumor cells. Primer sets were accepted only when they yielded results on the proper species, gave single
melt curve peaks and a cycle efficiency of >95%, Ct values of less than 33 and only produced one band of DNA of
the appropriate size by gel electrophoresis. All PCR data were normalized to the house-keeping controls RPL32
specific for mouse or human. Lower case m or h in front of gene symbol indicates mouse or human specificity.
Human heparanase is encoded by HPSE and file used was Accession NM_006665 encoding transcript variant 1.
Human EGR1 used Accession: NM_001964. Human RPL32 used Accession NM_000994 for transcript variant 1.
Human FGF23 used Accession NM_020638. Human klotho used Accession NM_004795. Mouse RPL32 used
Accession NM_172086. Mouse FGF23 used Accession NM_022657. Mouse RANKL (Tnfsfl11l) used Accession
BC131970.1. Mouse TRAP (Acp5) used Accession BC019160.1. Mouse type 1 collagen alphal (Collal) used
Accession NM_007742.3.

hRPL32: forward = 5'-TCAAGGAGCTGGAAGTGCTG; reverse = 5’-TGCACATGAGCTGCCTACTC
total hKlotho: forward = 5’-CCTCATGGATGGTTTCGAGT,; reverse = 5'- GGAGGGAAGCCATTTTTCTC

membrane hKlotho (1012 amino acid splice form): forward = 5'-GTGGCACAGAGGTTACAGCA;
reverse = 5'-GTGGTATCTACTTGAATGTA

secreted hKlotho (549 amino acid splice form): forward = 5'-GTGGCACAGAGGTTACAGCA;
reverse = 5'-GGTGAGACTGCTGATTGGTT

hEGR1: forward = 5'-GCCATAGGAGAGGAGGGTTC; reverse = 5-GTTGGCCAATAGACCTTCCA

hFGF23: forward = 5’-TGCCCTGCTAGAATTTGCTT; reverse = 5'-TTCTTTCCCCCTGAGTCCTT



hHPSE: forward = 5'-CCCTCCTGATGTGGAGGAGA; reverse = 5-TGGTAGCAGTCCGTCCATTC

hT5-HPSE: forward =5’- TGGCACCAAGACAGACTTCC,; reverse = 5'- GCCCGAGTCCAACCTATTCA

mRPL32: forward = 5'-GCTGCCATCTGTTTTACGGC; reverse = 5'-CGTTGGGATTGGTGACTCTGA

mCol1A1l forward = 5’-GTG TGC GAT GAC GTG CAA TG; reverse = 5'-TTG GGT CCCTCG ACT CCT AC

mFGF23: forward = 5'-GGATCCCCACCTCAGTTCTCA,; reverse = 5'-GGAAGTGTCCGGATAGGCTC

mRANKL: forward = 5’-AAA ACG CAG GTT TGC AGG AC; reverse = 5-GTG AGG TGT GCA AAT GGC TG

MTRAP: forward = 5’-TTC AGG ACG AGA ACG GTG TG; reverse = 5-CTCTCG TGG TGT TCA GGG TC

Cell proliferation MTS assay : myeloma cells were seeded at 10° cells in 100 pL in 96-well plates in RPMI-1640

media with 10% FBS +/- recombinant human FGF23 100 ng/ml, and +/- added calcium chloride (2.5mM and
5mM). Proliferation in response to FGF23 was quantified using the CellTiter 96 aqueous non-radioactive cell
proliferation assay (Promega). After incubating for 96 hours, each well was treated with MTS substrate (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) for 1 to 4 hours, after
which absorbance at 490nm was recorded using a 96-well plate reader. The quantity of formazan product

measured is directly proportional to the number of living cells. Data were graphed as means + SEM from 3
replicates.
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Figure S1: Effects of FGF23 on growth of MM cell lines. MM cells were grown in standard medium (10°
cells per well in 1 ml) with or without supplemental calcium as indicated and growth over 5 days
determined by MTS assay. RPMI-8226 (A), H929 (B) and U266 (C) cells were unaffected by 100ng/mL
FGF23, although moderately growth-stimulated by 2.5mM supplemental calcium.
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Figure S2: FGF23 regulation of EGR1 and HPSE in MM cell lines. Time courses (0-24hrs) of induction of
EGR1 mRNA (left panels) determined by Q-PCR in H929 (A), U266 (C), and MM.1s (E). The increase in
EGR1 mRNA (left panels) at one hour was significant versus zero hours at p < 0.001 for U266 and H929
and < 0.01 for MM.1s cells. Time courses of induction of full length heparanase (HPSE) mRNA (right
panels) for H929 (B), U266 (D), and MM.1s (F), showed that heparanase mRNA was not significantly
increased by treatment.
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Figure S3: Expression of heparanase T5 isoform. An alternate transcript, T5, of the heparanase gene
encodes a short isoform and is highly expressed in renal cancers [1,2], which, like MM when lodged in
bone, stimulate osteolytic bone destruction. The T5 isoform was not increased by FGF23 in RPMI-8226
MM cells (A) and was decreased in JIN3 cells (B). Baseline T5 mRNA concentrations were <10% those
for full-length heparanase.
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Figure S4: Klotho isoform expression in MM. MM cell lines expressed mRNA encoding the 1012 amino
acid membrane precursor for klotho (A) and the alternatively spliced mRNA encoding the 549 precursor
to the secreted isoform of klotho (B) by Q-PCR. MDA-MB-231 and MCF7 are low and high klotho-
expressing human breast cancer cell lines used as controls. The two isoforms were distinguished by real
time PCR using a common 5’ primer and 3’ primers specific for the different sequences downstream of
the alternatively used splice site [3]. It is likely that the majority of circulating soluble klotho is derived
from shedding of an ~980 amino acid form from its transmembrane anchor, rather than from expression
of the alternatively spliced transcript, but reagents for evaluating predicted circulating fragments of
FGF23 are not available.
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Figure S5: Expression of FGFRs by myeloma cell lines and primary cells. MM patient RNA samples analyzed are

the same as those used in main Figure 1. PCR primers for FGFRs 1 and 3 recognize RNAs encoding 3c protein
isoforms, which are known to form complexes with klotho. In each panel the value for the abundance of the
MRNA in RPMI-8226 cells is set as 1. Treatment of 8226 cells for 24hrs with 100ng/ml FGF23 increased all 3
FGFR mRNAs 2-4-fold (not shown).
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Figure S6: Subgroup analysis of serum intact FGF23 concentrations. Data from Figure 1A were analyzed

according to characteristics of patient bone lesions. Using skeletal surveys performed at the time of diagnosis,
we divided patients into 3 groups based on bone involvement: 1) no lytic lesions (n=9); 2) fewer than 5 lytic
lesions (n=3); 3) more than 5 lytic lesions or diffuse skeletal involvement (n=21). The differences in FGF23 among
3 groups were not statistically significant (64.4 + 44.1, 17 + 10.7, 136 + 190 pg/ml, respectively, when the groups
were compared using ANOVA on ranks.



